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ABSTRACT 



Initial complaints by a local resident on the 
outskirts of the Town of Wiarton were received in late 1975 
alleging that the Wiarton sewage lagoon was leaking and thus 
affecting a spring used for domestic water supply. This 
complaint was followed by several other complaints by local 
residents alleging that a large feedlot operation was affecting 
water quality in their water supplies. This report documents 
the investigations carried out by staff of the Ministry of 
the Environment, Southwestern Region, into these complaints. 

Domestic water supplies in the area of investigation 
are obtained from: (i) the shallow dolomite bedrock by means 
of springs, or shallow wells, and (ii) from deeper wells 
completed into the shale. Since the overburden averages only 
0.5 to 1.5 m in thickness in the problem area, the groundwater 
in the shallow bedrock is especially vulnerable to any 
pollutant originating at, or near ground surface. 

Potential pollution sources including sewage 
lagoon effluent, feedlot runoff and surface runoff from 
cattle grazing areas were sampled and analyzed for various 
chemical parameters and for bacteriological quality as were 
the various water supply sources. These results have been 
presented in various modes, then compared and analysed. 

Of the several potential pollution sources which 
were identified, runoff from feedlots and from cattle graz- 
ing areas, and the subsurface disposal of individual domestic 
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wastes are considered to be the main contributors to the 
groundwater quality deterioration noted in the Armstrong and 
Boulter springs. While pollutants from all three sources 
have been identified in water supplies, runoff from the 
feedlot and the grazing areas should be considered to be the 
most serious inputs. 

The quality and quantity of runoff originating 
from feedlot and grazing areas require that it be controlled 
to prevent groundwater and surface water contamination. The 
types of control measures employed must protect water 
quality and at the same time must be readily implementable 
and economically realistic. 
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INTRODUCTION 



This report summarizes an investigation into 
several domestic water supply pollution complaints near the 
Town of Wiarton, Ontario. It is a more detailed discussion 
of the preliminary assessment of the same problem previously 
reported by the writer in 1977. 



Location 

The area of investigation is centered along Elm 

Street in the southeast portion of the Town of Wiarton and 

along the road between Concessions XXI and XXII in Keppel 
Township. 

The study area is shown in Figure 1 and includes 
about 4 sq km. The identification of sampling points is 
indicated in Figure 1 and in Appendix A. 

Access to the study area is along Elm Street which 
intersects Provincial Highway 6. 

Background 

Complaints of domestic water supply contamination 
were first reported to the Owen Sound District Office of the 
Ontario Ministry of the Environment (MOE) by local residents 
(Mrs. G. Armstrong and Miss V. Baker) in November, 1975 and 
in the early months of 1976. They felt that the sewage 
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lagoon owned and operated by the Ontario Ministry of the 
Environment was leaking and was therefore responsible for 
the deterioration of the water quality in their spring which 
they use for domestic water supply purposes. 

Later, during the summer of 1976, complaints of 
the same nature were received from other local residents 
including Mr. Hurlburt, Mr. B. Keith, Mrs. J. Symon and Mr. 
R. Boulter. These residents suggested that a possible 
source of contamination of their domestic water supplies was 
the cattle feedlot owned and operated by Mr. A. Ward. 
Following these additional complaints, the writer was re- 
quested to carry out a groundwater investigation. Therefore 
all pertinent information already collected by the staff of 
the Owen Sound District Office was forwarded to the writer 
in November, 1976. 



Drainage and Topography 

Three local physiographic units are present within 
the study area: (i) a very gently northwesterly sloping 
area at the top of the escarpment, (ii) a steep to vertical 
(up to 15 m high) portion of the escarpment, and (iii) a 
moderately sloping area below the escarpment. 



Surface drainage on the top of the escarpment is 
poorly developed indicating direct infiltration into the 
fractured dolomite. Only during the spring snow melt and 
intensive rainfall in the autumn does surface runoff occur 
resulting in several minor intermittent "streams" which. 
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after several hundred meters of surface flow, disappear into 
small sinkholes. These lost streams remain in the subsurface 
only briefly and reappear at the toe of the escarpment. In 
the northwestern section of the study area where the over- 
burden is relatively thick a "diffuse" spring gives rise to 
a permanent stream. 



Field Work 

This investigation commenced in late November of 
1975 and it was initially carried out by William Currie, 
Larry Struthers and Philip Bye, all of the Owen Sound District 
Office of the MOE . The writer became involved in November, 
1976. 

Field work included (i) the examination of local 
geology and hydrogeology , (ii) the collection of numerous 
water samples from domestic wells, springs and surface water 
runoff, (iii) the identification, examination and sampling 
of potential pollution sources, and the examination of their 
significance relative to domestic wells and springs, and 
(iv) the inspection of domestic wells and springs. It also 
included interviews with local residents whose domestic 
water supplies were affected. 
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GEOLOGY AND HYDROGEOLOGY 



Bedrock Formations 

There are many bedrock outcrops in the study area, 
but the bedrock is best exposed along the escarpment. Bed- 
rock formations within the study area are of Lower and 
Middle Silurian Age and include the Cabot Head, Amabel and 
Fossil Hill Formations (Liberty, 1966) . 

Figures 2 and 3 indicate the distribution of 
lithologic units in the study area. Several local domestic 
wells report water from the Cabot Head Formation (Appendix 
A) which consists of soft, red, and green shale with thin 
limestone and gypsum beds. Generally, water from this 
formation is of poor quality (very hard) containing increased 
concentrations of sodium, chloride, sulphate and potassium. 
Overlying this formation are the Amabel and Fossil Hill 
Formations which consist of massive and bedded, well jointed, 
medium crystalline, porous dolomite (Plate 1) . Several 
small sinkholes are developed in these formations (Plate 2) . 
Several domestic wells in the area obtain water from the 
upper portion of this lithologic unit (Appendix A, Figures 2 
and 3) and two springs (used for water supply) originate in 
this shallow bedrock aquifer. Spring 1 (Plate 3) serves 
the domestic requirements of Mrs. G. Armstrong and Miss V. 
Baker and spring 2 (Plate 4; owned by Mr. R. Boulter) is 
used for stock watering purposes. Numerous other springs 
occur along the toe of the Niagara Escarpment (Figure 1) 
forming a "spring line" which probably marks the contact 
between the dolomites (Amabel and Fossil Hill Formations) 
and the poorly permeable underlying shales (Cabot Head 
Formation) . 
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Plate 1. Massive and horizontally bedded, fractured 

dolomite of the Amabel and Fossil Hill Forma- 
tions is well exposed on the Niagara Escarp- 
ment. 




Plate 2 . Small sinkholes are termination points for 
"short lived" streams on the top of the 
escarpment. The photo shows the west portion 
of the Wiarton Airport property. Colpoys Bay 
is in the background. 
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Surficial Deposits % 

The overburden is very thin and in many areas it 
is absent, particulary in the central and west-central 
portions of the study area. Near the Boulter and the Armstrong 
springs, the soil is very shallow with much bare rock exposed 
(Plates 3 and 4) . In the eastern portion of the study area, 
a considerable increase in overburden thickness is reported 
in water well records where up to 6 m of stoney, clayey silt 
till is present (Figure 2) . 

According to Chapman and Putnam (196 6) the north- 
western section of the study area is overlain by lacustrine 
clay deposits. This is confirmed near the intersections of 
Elm and Taylor Streets (Figure 1) where the following lithologic 
profile is exposed in a 1.5 m stream channel: about 0.5 m of 
silty sand is underlain by about 1.0 m (exposed) of bluish 
lacustrine clay. Farther west towards Highway 6 on the 
north side of Elm Street and west of the CNR tracks, silty 
sand and gravel has been extracted in minor quantities. A 
similar situation exists on the south side of the access 
road to the Wiarton sewage lagoon. These granular materials 
are probably remnants of beach deposits created by a former 
glacial lake. At the northern margin of the Wiarton sewage 
lagoon, erosion by intermittent runoff has exposed a mixture 
of silty sand and gravel (0 to 0.2 m) which is underlain by 
brownish silty clay. Two test holes augered north of the 
lagoon revealed a 2.0 m thickness of clay. No water was 
reported in the holes at the time of augering (Figure 1, 
Appendix B) . 
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Groundwater Movement in Shallow Bedrock 

Several domestic water supplies in the area are 
obtained from shallow wells or from captured springs which 
originate from the shallow bedrock. In addition, several 
springs emanate from the fractured dolomite at the toe of 
the escarpment. It is therefore reasoned that fissures and 
fractures in the Amabel and Fossil Hill dolomite constitute 
a shallow aquifer. 

The movement of groundwater in fissured and fractured 
dolomite is greatly influenced by the orientation of the 
fracture patterns. Although no systematic measurements of 
these patterns was carried out, observations indicate that 
the chief direction of the main fractures is NW to SE . The 
direction of the surface water drainage pattern is similar. 
These factors were considered together with field observations 
in determining the direction of groundwater movement in this 
water-bearing zone (Figure 4) . 



The Spring Water Supplies 



The Armstrong Springs 



The general layout of Mrs. Armstrong's water 
supply system and a vertical cross-section through her water 
supply sources are shown in Figure 5. A spring originating 
from the shallow dolomite bedrock is the source of water. 
At this locality, the bedrock is overlain by a few feet of 
overburden which consists of silt and silty and clayey sand. 
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About 3 m east of this developed spring is an "open rock" 
spring which rises from a larger fracture system in the 
dolomite which in this location is overlain by only 0.3 m of 
top soil (Plate 3). Both springs were extensively sampled 
during the course of this investigation. 

The very thin overburden at both springs makes 
them susceptible to pollution originating at the surface. 
Polluted surface water runoff can readily infiltrate into 
the fractured rock through the thin overburden and have an 
adverse effect on the water quality of the springs. 



The Boulter Spring 



The Boulter spring which is used for stock water- 
ing does not discharge at ground level. It has been "develop- 
ed" in an elongated excavation up to 2 m in depth which 
intercepts groundwater that flows through fractures in the 
rock. A barrier has been placed in the excavation to create 
a pumping reservoir and water can be heard cascading over 
this barrier. At this locality the horizontally bedded 
dolomite is overlain by a thin veneer of soil, and several 
outcrops are present in the immediate vicinity of this 
spring. A fenced feedlot is located about 65 m south- 
southwest of this spring. The main feedlot and an open silo 
adjacent to it are located 90 m from the spring, immediately 
beyond the barn (Plate 4). 
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FIGURE 5. SKETCH SHOWING GENERAL LAYOUT OF MRS. G. ARMSTRONG'S 
WATER SUPPLY SYSTEM (A) AND VERTICAL CROSS -SECTION 
THROUGH THIS WATER SUPPLY SYSTEM CB). 
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POTENTIAL POLLUTION SOURCES 

Figure 4 locates potential sources of pollution. 
Cattle grazing areas constitute diffuse sources of pollution, 
while the remainder are considered point sources. Point 
sources located in areas where the overburden is very thin 
or absent (locations designated as C, D and F in Figure 4) 
are considered greater threats to groundwater quality than 
are the other sources. Where the overburden is thin or 
absent, there is little attenuation of pollutants because 
the travel paths of pollutants are relatively short before 
reaching the fractured rock and the groundwater. Further- 
more, ionic exhange, fixation and other attenuating pro- 
cesses are negligible in fractured rock. 

Although not identified as potential pollution 
sources in Figure 4 it should be kept in mind that the 
septic tank systems used by every household are in fact 
point sources of pollution. The main potential pollution 
sources are described in the following sections. 



Wiarton Sewage Lagoon 

The Wiarton sewage lagoon was completed in August, 
1959 as a provincial project by the former Ontario Water 
Resources Commission. The lagoon is currently owned and 
operated by the Ministry of the Environment. 

Various minor projects pertaining to the upgrading 
and the operation of the sewage system have resulted in some 
additional construction, but the three cells have remained 
undisturbed since completion. The lagoon effluent is 
discharged twice annually to Colpoys Bay (Figure 1) . 
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Plate 3. Looking southeast; the Armstrong springs 
occur below a gentle undulation on the 
escarpment slope. The edge of tree cover 
marks the line of outcropping bedrock. 




Plate 4. Looking southwest; the Boulter spring is 
in the foreground (shed) surrounded by 
several rock outcrops. The main feedlot 
is beyond the barn, while a smaller feedlot 
is on the left side of the barn. 
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No information is available concerning geotechnical 
conditions at the lagoon site; however, topography at the 
site and available information indicate that the southern 
half of the lagoon was excavated to a depth of approximately 
2 m, whereas the northern half was raised as much as 3 m. 
It is assumed that the excavated material removed from the 
southern section was utilized to raise the northern portion 
of the lagoon. As a result, the bottom of the greater part 
of the northern cell is above original ground surface. 

The exact thickness of overburden material at the 
lagoon site is not known; however, the test holes bored in 
connection with this investigation indicate that the glacio- 
lacustrine clay deposit is more than 2 m thick. 

No signs of leakage from the lagoon were visible 
at the lagoon berms. Past observation and research has 
shown that the chances of seepage from sewage lagoons de- 
creases with time. This is largely due to a natural self- 
sealing of the bottom and the sides with sedimentation of 
the suspended solids. Therefore any leakage from a sewage 
lagoon would most likely occur soon after completion. 



Feedlot Operation and Cattle Grazing Area 

No significant runoff was observed to be leaving 
the Boulter feedlot (Plates 4 and 5) except on the northern 
side where a small amount moved a distance of about 20 m 
from the feedlot, before infiltrating into the ground. The 
reason for this is that this feedlot is unpaved and most of 
the liquid generated readily infiltrates into the ground. 
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In contrast to the situation at spring 2 where there are 
several outcrops, the test hole H3 located at the edge of a 
smaller feedlot operated by Mr. Boulter (about 60 m distance 
from spring 2) indicated at least 1.3 m thick overburden 
consisting of silty clay till. During 1977 the number of 
cattle kept at this site was substantially reduced and only 
25 head were maintained here. 

The Ward feedlot (Plate 6) is concrete-paved and 
also fenced with concrete. The runoff leaves the feedlot 
area at the northwestern corner forming a small pond just 
outside the feedlot fence. From here, it moves in westerly 
and northerly directions. On one occasion, runoff was 
observed to move about 80 m due west where it infiltrated 
into the ground just before reaching the first fence (Figure 
4) . Moving in a northerly direction, the runoff gains 
direct access into the intermittent stream which flows 
across the Wiarton airport field and terminates in several 
small sinkholes (Figure 4, Plate 2). 

The cattle grazing areas are considered diffuse 
potential pollution sources. The problem here is similar to 
that discussed above in that rainfall and surface water 
runoff dissolve and mobilize chemical components in the 
manure. A good portion of this water eventually infiltrates 
through the relatively thin overburden and reaches the 
shallow fractured bedrock before it is totally renovated. 
Other portions of surface water runoff eventually end up in 
Georgian Bay. 
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Plate 5. A typical unpaved feedlot operation. Looking 
northwest; the Boulter feedlot, barn, and 
open silo (at the right margin) . The Boulter 
spring is behind the barn building. 




Plate 6. The Ward feedlot is paved and concrete-fenced. 
Looking northwest; the Niagara Escarpment 
(across Colpoys Bay) is in the distant background. 
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Other Potential Pollution Sources 

Septic tank effluents (associated with each 
household in the study area) are considered to be potential 
pollution sources to shallow groundwater in the area. This 
is particularly true for the area where the overburden is 
very thin such as at potential pollution source C in Figure 
4. At this location domestic wastes are reportedly dumped 
into a "reservoir" dug into the bedrock. 

Potential pollution source D is located in an area 
where the overburden is very thin and where a manure pile is 
situated several meters from the intermittent stream (Plate 
7) . The number of cattle (young calves) at this locality 
numbered up to 20 in 19 77. 

Where the overburden thickness exceeds 3 m such as 
near potential pollution source H, the danger that the 
pollution source may affect groundwater quality is greatly 
reduced. In any case, the feedlot fence is only 3 to 5 m 
from the well and greater separation distance is desirable. 
During 1977 this feedlot was not in operation. 



WATER QUALITY 

In order to establish groundwater quality changes 
in the area of investigation, the existing domestic wells 
and springs, the surface water runoff, and the suspected 
pollution sources were sampled on several occasions and 
analysed for chemical and bacteriological quality. 
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The initial samples were taken from Mrs. Arm- 
strong's spring in November, 1975. The last set of samples 
(taken from various sources) were obtained in November, 
1977. 

In this section, reference is made to several of 
the existing wells and springs as they are shown in Figure 1, 
The corresponding names of the well and spring owners are 
given in the Appendices of this report. 

The summaries of chemical analyses are provided in 
Appendices D through G inclusive, while bacteriological 
analyses are summarized in Appendices H through K. 



Chemical Quality 

The chemical analyses of the sampled sources are 
presented in three modes: (i) the complete chemical analyses 
(those which include major cations and anions) are plotted 
on semi-logarithmic diagrams (Figures 6 to 8) , as described 
by Schoeller (1937) , (ii) several chemical consituents (for 
6 sampling dates) are plotted in chronological order of 
sampling on hydrochemical maps (Figures 10 to 14 in Appendix 
C) , and (iii) the complete chemical analyses are plotted on 
the triangular diagram (Piper, 1946) in Figure 15, Appendix 
C) . 

In the following paragraphs a brief discussion of 
water quality in both the deeper bedrock and the shallow 
dolomite bedrock aquifer is provided. 
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FIGURE 6. SEMI-LOGARITHMIC DIAGRAM OF CHEMICAL ANALYSES OF WATER 
I- FROM THE BEDROCK AQUIFER. 
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Deeper Bedrock Wells 

Wells which were completed in the shales of the 
Cabot Head Formation are included in this group. There are 
records for five such wells. Two were abandoned because of 
poor water quality, but three are still used for domestic 
purposes namely; 3720, 4528 and 5534. Well 5534 was more 
frequently sample than the other two. 

In general, the chemical quality of wells completed 
in the shale is characterized by elevated concentrations of 
chloride, sulphate, sodium and potassium. In well 5534 the 
total dissolved solids concentration is approximately 10,000 
milligrams per litre (Appendix D) . In addition, elevated 
levels of free ammonia, total kjeldahl nitrogen, (Figure 10 
in Appendix C) chemical oxygen demand and iron (Appendix D) 
indicate ongoing pollution in this well. Three potential 
pollution sources in the immediate vicinity of this well are 
the cattle feedlot, the cattle grazing area, and a septic 
tank system (Figure 4) . Poor well completion (Plate 8) may 
be a contributing factor to the increased levels of organic 
compounds in this well. 

Shallow Bedrock Aquifer 

The Amabel and Fossil Hill Formations (and the 
groundwaters they contain) are considered to constitute the 
shallow bedrock aquifer (Figures 2 and 3) . Several springs 
which occur at the base of the escarpment (Figures 1 and 3) 
discharge from this carbonate aquifer system. Additionally, 
there are also several drilled wells completed into this 
shallow fractured rock aquifer (wells 1, 2, 3, 4, 5047). 
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FIGURE 7. SEMI-LOGARITHMIC DIAGRAM OF CHEMICAL ANALYSES OF 
SPRING AND STREAM WATERS AND OF LAGOON EFFLUENT. 
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Two springs (designated as spring 1 and spring 2 ; 
Figure 1) were the most extensively sampled in the course of 
this investigation. Spring 1 (Plates 3 and 12) which is 
owned by Mrs. G. Armstrong is used as a source of domestic 
supply, whereas, spring 2 (Plates 4 and 9) is used for stock 
watering purposes. '. 

Actually, there are two springs on Mrs. Armstrong's 
property; the captured spring (designated as 1) and an "open 
rock" spring designated as spring la (Figure 1, and Plates 
3 and 12) . Although these two springs are located about 3 m 
apart, they show significant differences in water quality 
(Figures 10 to 15 and Appendix D) . Greater variations, both 
in water quality and quantity were exhibited by spring la 
indicating that it is more strongly influenced by surface 
runoff which is contaminated by organic pollutants and 
phenols (Figure 13 in Appendix C) . Spring 1 flows year- 
round at an extremely low rate whereas spring la dries up 
during the summer period. It is concluded that these two 
springs are associated with two separate fracture systems in 
the carbonate rock. -• 

In general, similar chemical trends are exhibited 
by the springs, shallow wells and the surface water runoff. 
Indeed, all three analyses (Figures 6 to 8) indicate the 
influence the feedlot runoff is having on the quality of 
surface water runoff and on the shallow groundwaters. 

Another characteristic of water quality contamination 
in the shallow aquifer is the very low sodium to potassium 
ratio (Figure 14) . This ratio may be used (knowing the 
general background ratio) as an indicator of pollution. 



-25- 



z 

o 

H .1 



_ 


~ 


;_. 





1 








■ 








_ 


















.. 


! 






_ 










-- 






^ 


- 






- 


- 






- 
















^ 






„ 




.-, 


- 


/ 


i 


/ 


n 


- 


- 






- 


-. 


-■ 


-- 




^ 


- 


- 




- 


- 


- 




■ 








- ■ 








- 


- 


- 


- 


-- 




- 


- . 




- 












■ 


























- 


- 


r 










■ 






■ 


. _ 


"' 


.. 


- 


' 






























S 


■ 










■" 
- 
- 


: 


" 


— 




' 


- 


t 
1 

- ■-- 




^ 




















A - 






r 




- 






















- 












■J 


k. 


^ 




V 




s 

5* 




S 






- 




- 


- 






■ 

t 


l; 


.:.. 


- 


/ 




i 

i 


/ 

i 


\ 






- 


- 


- 


- 




_., 




- 








K 


fc- 


■- 


■: 


■ - 




~ 


- 


:.. 


- 




i 


- 


r. 


:- 


-■^ 


S 


s 






> 




-- 


" 


— 




- 


£ 


.-; 






_ 




•- 


— 


- 
- 


- 


_ 


4b El 


I 


? 


f 




r- 


- 


— 


E 


=■ 


f 


~ 


— 


■-■ 


-E: f . 






:: 


f 


— 




~ 


— 
- 


]; 


-2 


E 


I 


i: 


: 




E 


r 


= 




f; 




\ 


-N 

V -1 - 


^ 


S 


: 






_ 




E 


1 


E 




E 


- 


;; 


- 


E 


E 


£ 


- 


E 


- 


E 


E 


E 


t 


f- 


7 


^ 


7 


I 


1 


L 


E 




E 




r 


£ 




J;; 




E 


E 
































^^ 














- 
























- 








/ 










/ 




I 




























































V 


































i 






/ 






1 
































- 


- 


^ 


- 




- 




























Vv 


^, 
















-■ 


- 


- 




- 






















r 








- 


/ 


J 






























































:^ 


r 






s 


1 


S 




> 
^ 






















J 






/ 
































- 


z. 


- 


.:.: 




- 


- 


- 


" 




- 


^■ 


• 


- 










^ 


- 












- 














■ 






/ 






} 


_ 


1 


I 






\l 


- 


















- 








'.. 1^' 




r- 


- 




" 


1 


J; 


r- 


— 


:.J 










(_ 


- 


> 
7 






V 
















- - 




- 












.^ 


/ 


/ 




- 


(^ 


~ 


~ 


- 




^ 


=■ 


= 


'- 


-: 


-:^ 




T-l '- 


_ 


5 


'- 


:j 


— 


_ 




- 






-- 


- 


- 


— 




- 




- 


.- 


- - 


- 


IL 


s; 


- 


— 


^ 






/ 


=■- 


K 


e 


s 


n 




'- 


= 


—. 


~ 


= 


^"^ 


i 


s 


^ 


^ 


S 


^ 


^ 


f: E 


- 


™ 


- 


^ 


_ 


-; 




^ 


-T 




~ 


.,., 


-1 


rr; 


n 




r. 


■~ 


I: 







~^.z. 


-;- 


;4 


\ 




% 




N 


S 


s 


s. 


•V 




s 
s 


T-', 


7i 


> 


/ 


/ 


5 


_ 


1 


- 

1 


^ 

— 


— ^ 


WELL OWNER, OR ^t 
DESCRIPTION i ^ 




; I: 


.1 
•-t- 


, 




: 


^ 


% 


/ 


f 






rr 


1 - N. end of »•»». = :i 
■g* lagoon = =; 

4 — Well in the field - - 
E. of A. Hurlburt - - 

»-A.W«rd - = 

4S2S-Q.Schro«d«r H" 


' 


SOURCE , 


"-' 


iz; 




i 


~- 


__ 


y 


1 


^ 
^ 


-A 


-?> 


^- 


^. 


'%■ 


— 

- 


,A 




— 


= 


~ 


■-. 


~ 


~ 


£ 


" 


~ 


L 


1 


~ 


^ 


\ 




















'.A 


^^ 


- 






























































- 






LJ 




































1.^.. 












' 










b. 


. 


- 




_ 


" 


u 


i- 












1_J. _l_j 


.^^ ^ ^_._.n_i 






, 




































^_ 




__ 


_ 




^ 






1 , 




,. L 




1 




i- 


^ 


U 


IT !- 


j-\ 


^ 


T IT r 


. 


-LI 



9 
B 

7 
6 

5 

4 

3- 4+-* 
2- 




DATE SAMPLED- NOVEMBER 3 OR 23, 1977. 



FIGURE 8. SEMI-LOGARITHMIC DIAGRAM OF CHEMICAL ANALYSES 
WITHIN THE STUDY AREA. 



-26- 



No significant changes in chemical quality 
occured in this aquifer between two sampling dates (March 8, 
1977 and November, 1977) as indicated by Figures 6 to 8 . 



Bacteriological Quality 

A summary of bacteriological analyses from 
groundwater and surface water sources obtained during the 
course of this investigation is given in Appendices H and 
I. Tables 1 to 3 give the bacterial concentrations in the 
sampled water sources on three selected sampling dates. 

The presence of fecal coliforms (FC) and fecal 
streptococci (FS) indicates recent contamination from human 
or animal excrement. An attempt was made to use the qual- 
itative relationship between these indicator organisms to 
indicate a probable source of pollution. 
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Table 1. Concentrations of Indicator Bacteria in 
the Sampled Sources, November 29, 1976. 



Source^ 



Fecal 


Total 


Fecal 


Ratio 


Coliform 


Coliform 


Streptococci 


FC:FS 


(FC) 




(FS) 





(Number of bacterial colonies per 100 ml) 



93720 
94528 
95534 

"Dla 

?1 
94 

96 
07 

b2 

A2 
A3 



L2 


L2 


L2 


L2 


L2 


L2 


26 


3,200 


L2 


L2 


L2 


8 


L4 


23,000 


66 


118,000 


36 


7,700 


4 


148 


660 


146,000 


36 


194 


276 


23,000 



L2 
L2 
L2 
30 
L2 
L2 
68 
78 

106 

10 

1,800 

80 

208 



0.87 



0.85 

0.34 

0.4 

0.37 

0.45 

1.33 



* 9 Bedrock well 
O Bedrock spring 
A Stream-surface runoff 
L-Refers to less than 
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According to Geldreich and Kenner (1969) , the 
FC:FS ratio may be used to identify a probable source of 
pollution. They reported that FC:FS ratios were always 
greater than 4.0 in human feces and in domestic wastewaters, 
while they were less than 0.7 in the feces of farm animals, 
cats, dogs, and rodents and in wastewaters polluted with 
these feces. 

In Figure 9, the FC concentrations are plotted 
against the FS concentrations for each sample (for four 
sampling dates) in which bacterial colonies were detected. 
These included five different sources totalling 2 3 samples. 
Of the 23 samples, only four had FCtFS ratios greater than 
4.0 suggesting a human source. Twelve had FC:FS ratios 
which were less than 0.7 suggesting animal sources. This 
technique is subject to numerous variables and is used here 
in an effort to gain a general understanding of the problem. 
However, it should be noted that the sewage lagoon effluent 
and feedlot runoff do fall into the >4.0 and <0.7 categories 
respectively as this methodology suggests they should. 




94 - Bedrock well |;^ Feb. 23, 1976 

2 -Bedrock spring • Nov. 29. 1976 

A6 -Stream -surface watei O March 8,1977 

runoff O : Nov. 3 or 23, 1977 



10 



^~T r:'T |"i ;l': i.iii r r: j [::i j t^j: ^ J : :i:i~;;r"tT-r:-t ^ t7;:-i-'::;':'j..L: 



10 



Number of fecal streptococci per ioo ml 

FIGURE 9. FECAL COLIFORM CONCENTRATIONS COMPARED TO FECAL STREPTOCOCCI CONCENTRATIONS 
IN SAMPLED SOURCES IN THE STUDY AREA . 
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Table 2. Concentrations of Indicator Bacteria in 
the Sampled Sources , March 8, 1977. 



Source* Fecal Total Fecal 

Coliform Coliform Streptococci 

(FC) (FS) 

(Number of bacterial colonies per 100 ml) 



Ratio 
FC:FS 



9 5047 
(p 5534 
bla 

91 
?2 

94 

95 
96 
\)1 
^2 
A 2 
A3 
A 4 
Ai 



L2 

L2 

60 

L2 

L2 

400 

L2 

2 

6 

L2 

64 

60 

52 

16 

422,000 





6 




L2 




900 




L2 




1,2 


16, 


,200 




I.I 




€ 




10 




L2 


6, 


,500 


1, 


,200 


2. 


,100 


1, 


,400 


980, 


,000 









202 


L2 


L2 


108 


200 


2 


10 


L2 


i 


296 


368 


456 


19,100 



0.30 



3.7 



0.6 

8.0 
0.20 
0.14 
0.04 
22.0 



9 Bedrock well 

D Bedrock spring 

A Stream-surface runoff 

A Sewage lagoon effluent 

L-Refers to less than 
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Some of the difficulties in utilizing bacterial 
quality to identify pollution sources are the apparent 
seasonal variations and the frequent absence of fecal 
coliform bacteria in the analysed samples (Tables 1, 2 and 3 
and Appendix H) . The best example of the influence of 
seasonal changes on the source of pollution is the Boulter 
spring (spring 2) . Of six available FC:FS ratios, two were 
less than 0.7 whereas two were greater than 4.0 and the 
remaining two had ratios between 0.7 and 4.0. Thus, using 
the criteria, as suggested by Geldreich and Kenner (1969) , 
both human and animal wastes contribute to the bacteriological 
quality deterioration. This might be the case, since both 
potential pollution sources (septic system and feedlot) are 
located within 60 m of the spring and both sources are 
situated in the same hydrogeological environment. 

Bacteriological analyses confirmed that spring 1 
and spring la (the Armstrong springs) are not hydraulically 
connected. Six bacteriological analyses from spring 1 were 
fecal coliform free, and one had very low bacterial counts. 
In contrast, three bacteriological analyses from spring la 
(taken at the same date as those from spring 1) showed high 
fecal coliform counts. In this respect, bacteriological 
anlayses from these two springs are in good agreement with 
the results of the chemical analyses. 
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Table 3. 


Concentrations of In 


dica 


tor Bacteria m 








the Sampled 


Sources, 


November 3, or 23, : 


1977. 




Source* 


Fecal 
Coliform 
(FC) 


Total 
Coliform 


Fecal 
Streptococci 
(FS) 




Ratio 
FC:FS 




(Number of 


bacterial colonies per 100 


ml) 


" -' 


9 4528 


m- 


L2 




L2 






95534 


ij 


L4 




L2 






91 


L4 


L4 




L4 






94 


210 


1,800 




46 




4.56 


95 


L2 


140 




6 






bl 


L2 


156 




L2 






\)2 


370 


14,000 




10 




37 


'b4 


84 


700 




140 




0.6 


b6 


M 


24 




L2 






bs 


1*2 


178 




46 






"09 


1 


112 




8 




0.5 


^S 


M. 


1,600 




1,444 






4^,6 


S 


160 




8 




1 


A9 


12 


100 




16 




0.75 


Zl^lO 


24 


140 




8 




3 


D2 


130,000 40, 


000,000 


11, 


000,000 




0.01 



* 9 Bedrock well 
"t) Bedrock spring 
/h. Stream-surface runoff 
□Feedlot runoff 
L-Refers to less than 
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DISCUSSION 

Vulnerability to Pollution of the Armstrong Springs 

Hydrogeology and groundwater chemistry are the two 
main factors used here to identify sources of groundwater 
pollution. Semi-logarithmic diagrams of chemical analyses 
from four different sources indicate that the chemical 
quality of the lagoon effluent is entirely different from 
the chemical quality of the local ground and surface waters 
(Figures 7 and 8). This, and several other factors preclude 
the likelihood that the Wiarton sewage lagoon is leaking and 
polluting Mrs. Armstrong's water supply. 

Other factors are : 

1. Several feet of lacustrine clay separate the bottom of 
the lagoon from the bedrock. 

2. No apparent leaks at the lagoon base or at the lagoon 
berms were observed. 

3. A shallow bedrock well located near the lagoon (well 1 
in Figure 1) which should have been affected first if 
the lagoon were leaking showed no signs of water quality 
deterioration. 

4. The concentrations of phenols during the winter months 
were relatively high in the lagoon effluent; yet, in 
the Armstrong spring, concentrations were less than 1 
part per billion (Figure 12 in Appendix C) . 
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5. The sodium to potassium ratio (Na/K) was relatively- 
high in the lagoon effluent, but in the Armstrong 
spring it was extremely low, approaching the value 
typical of surface water (Figure 14) . This suggests 
that the pollutants entering the shallow aquifer system 
are associated with surface water runoff. 

It is apparent that phenols and nutrients reach 
their highest concentration levels in the Armstrong springs 
during late autumn. At this time there is an abundance of 
manure on the ground particularly in the cattle grazing area 
(potential pollution source E in Figure 4) . In the early 
spring of 1977 after a rapid snow melt it was observed that 
surface water runoff originating in the area of potential 
pollution source E flowed towards the Armstrong spring along 
very shallow undulations on the ground surface (Figure 5) . 

Approximately 50 m before it reached the Armstrong 
spring, the runoff infiltrated into the ground and reappeared 
around both the captured and "open rock" springs. From 
here, it moved along the ground surface. While moving along 
the interface between the bedrock and overburden it caused 
soil "piping" in the immediate vicinity of both springs 
(Plate 12) . This observation confirms earlier suggestions 
that the surface water may indirectly transport pollutants 
from area E to the shallow bedrock from which water in both 
springs originates. 

The contributions to the deterioration of water 
quality in the Armstrong springs from the two other nearby 
potential pollution sources (C and D in Figure 4, Plate 7) 
are difficult to assess accurately at this time. However, 
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Plate 7. Looking northwest; the manure pile is located 
immediately beside the intermittent stream. 
The outhouse is slightly left of centre (shed) 
while the Armstrong springs are beyond the 
building on the left. 




jMTlh. 



Plate 8. Although housed in the small pumphouse and 
protected from frost, the well serving the 
Hurlburt family (well 5534) is unsatisfactorily 
completed. The annular space between the drill 
hole and well casing has been left ungrouted. 
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it is unlikely that these sources are a significant cause of 
water quality deterioration in the Armstrong spring 1. 

The Boulter Spring 

By hydrogeological definition this is not a 
spring; it is rather a shallow "trench" up to 2.2 m deep, 
0.4 to 1.0 m wide and 3.0 to 5.0 m long. It has been excavated 
into horizontally bedded dolomite (Plate 9) and water from 
it is used for stock watering purposes. This spring (spring 
2 in Figure 1) is located at about 60 m from the feedlot. 

It is unlikely that the cause of water quality 
deterioration in the Boulter spring is source G (Figure 4) 
because: 

1. Groundwater movement in the shallow bedrock in these 
localities is in a north-northwesterly direction and 
the Boulter spring is located west of potential pollution 
source G (Figure 4) . 

i« The concentrations of phenols in the Boulter spring 

were significantly higher (November, 1976) than in the 
. shallow well (well 4 in Figure 1) located about half 
way between potential pollution source G and spring 2 
(Figure 13) . Other chemical parameters such as nutrients 
and coliform bacteria behaved similarly. 

3, Potential pollution source F (Figure 4; Plate 5) 

located about 60 m away from the Boulter spring shows 
high concentrations of phenols, nutrients and other 
chemical consituents. A correlation has been established 
between this source and increased concentrations of a 
number of chemical parameters in the Boulter spring. 
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It is therefore concluded that the likely source of the 
Boulter spring pollution is source F as indicated in 
Figure 4. Bacteriological analyses suggest that the 
effluent from the adjacent septic tank disposal system 
serving the Hurlburt family might also contribute to 
water quality deterioration in this spring. 

The relatively high concentrations of sodium, 
chloride, potassium, and sulphate in the well water used by 
the Hurlburt family (well 5534) are due to the natural 
presence of these parameters in groundwaters in the Cabot 
Head Formation. However, increased concentrations of 
nutrients in this well water may originate at nearby source 
F, or from the cattle grazing area located immediately 
east-southeast of the well. Faulty well construction 
(Plate 8) provides direct access of pollutants to the 
well bore. 



Other Complaints of Groundwater Supply Pollution 

The domestic well used by the Symon family (well 5 
in Figure 1) has experienced only slight chemical contam- 
ination; however, bacteriological quality indicated the 
water to be unacceptable for human consumption during the 
sampling program. Pollution source G (Figure 4) located in 
the immediate vicinity of this well is the probable cause of 
the poor bacteriological quality. 

Well 6 (Figure 1) is used by the Brown family. It 
is considered that increased nutrient concentrations in this 
well were caused by pollutants originating from the nearby 
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feedlot (source H in Figure 4) . The water sample taken from 
this well in May, 1977 was bacteria-free and at this time 
the feedlot was not operated. 

Water well 5047 belongs to the Keith family. This 
well experienced slightly elevated nutrient concentrations 
that probably originated from their own septic tank system. 

The impact on water quality in domestic wells 5 
and 6 is due mainly to the feedlot operation since the pot- 
ential for contamination from septic tank effluents is 
greatly reduced by the relatively thick, poorly permeable 
overburden. However, the surficial deposits do not provide 
complete renovation and a small amount of contamination does 
reach these domestic wells. 



RECOMMENDATIONS 

Earlier discussion has indicated that the carbonate 
aquifer is located in a sensitive hydrogeological environ- 
ment and that it is very vulnerable to pollutants origin- 
ating at or near ground surface. In particular, the shallow 
water bearing zone utilized by Armstrong and Boulter (by 
means of captured springs) is quite susceptible to con- 
tamination. 

We understand that the residences of Mrs. Armstrong 
and her neighbour G. Urbshott (who used well 2 in Figure 1) 
were recently connected to the Town of Wiarton watermain. 
However, Miss Baker is still using spring water (spring 1) 
which she had shared with Mrs. Armstrong. 
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The implementation of either of the two following 
recommendations would replace the Armstrong spring: 

1. Connection of Miss Baker's residence to the Town of 
Wiarton water supply system (up to 50 m distance from 
Mrs. Armstrong's residence). 

2. Drilling a new deeper well into dolomite of the Amabel 
and Fossil Hill Formations. A new well should not be 
deeper than 20 m to avoid obtaining mineralized water 
from shales of the Cabot Head Formation. A new well 
should be properly constructed with the well casing 
placed as deep as practical, and cement grout placed in 
the annular space between the drill hole and well 
casing. An experienced water well contractor should be 
employed for this work. 

Since Miss Baker is still using spring 1 (the 
Armstrong spring) the following measures are recommended to 
minimize impact on spring water quality and on water quality 
in the local area: 

1. The cattle grazing area (source E in Figure 4) should 
be restricted to the area south of the northern edge of 
the Wiarton sewage lagoon. 

2. Runoff in the vicinity of Mrs. G. Armstrong's springs 
should be controlled. This could be accomplished by 
the establishment of shallow interception ditches 
located at two localities: (i) a north-south ditch 
along the west boundary of the Thorn property but 
north of the sewage lagoon and, (ii) an east-west ditch 
parallel to the southern boundary of Mrs. Armstrong's 
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property (backyard) . The interception ditches would 
divert any surface water runoff from getting close to 
the Armstrong springs. 

The manure piles at pollution source D (Figure 4, 
Plate 7) should be removed taking appropriate measures 
to prevent pollutants associated with this operation 
from infiltrating into the fractured bedrock and from 
entering the nearby intermittent stream. 

Wastes in the outhouse (source C in Figure 4) should be 
isolated and prevented from entering the fractured bed- 
rock. 



With respect to the protection of water quality in 
the Boulter spring and groundwater in general, the quality, 
and quantity of feedlot runoff and the operation of feedlots 
require that they be controlled. The types of control 
measures employed must protect water quality and at the same 
time must be readily implementable and economically realistic. 
It is considered that runoff from cattle feedlots can be 
satisfactorily controlled and treated by retention-evaporation 
ponds, and that liquid waste can be confined in a holding 
pond to be sprayed on the land. 

Since the study area has a very sensitive hydro- 
geologic environment the following control measures are 
recommended: 

1. The feedlots and barnyards should be paved in order to 
prevent feedlot effluent from entering the groundwater 
system. 

2. Surface water runoff should be prevented from entering 
feedlots and from contacting manure storage areas. 
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Retention ponds should be constructed for all waste 
water and for runoff which contacts animal wastes. 

If the above measures are unsuccessful in reducing 
groundwater pollution, it may be necessary to reduce 
the number of cattle at particular feedlots in order to 
restore groundwater quality. Additional study concen- 
trating on the impact of septic systems could also be 
undertaken if the above measures do not affect a 
significant improvement. Such a study should be under- 
taken respecting the Keith well. 



The application of solid and liquid wastes in particular, 
to agricultural lands should be restricted to areas 
with adequate overburden. As a general guideline the 
overburden should be at least 1.5 m in thickness and 
should consist of medium to low permeable material such 
as silty, sandy clay, or silty clayey sand. However, 
in the areas where there is no potential of affecting 
water supply well, spring and surface water manure may 
be spread on land with relatively thinner overburden. 






Modifications in feedlot design will assist in re- 
ducing the polluted runoff. The observations that moist and 
wet feedlots produced a more concentrated runoff indicates 
that feedlots should be designed to drain and to dry as 
rapidly as possible. Because the quantity of runoff is a 
function of the area involved, feedlots should be designed 
to be as compact as possible. 



Faulty well construction at well 5534 (Figure 1, 
Plate 8) used by the Hurlburt family should be corrected. 
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APPENDIX 1 



ADDITIONAL PLATES 
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Plate 9. The Boulter spring viewed east to west has 
been excavated (about 2 m deep) into hor- 
izontally bedded dolomite. 




Plate 10. Vertical crevasses and fractures are commonly 
found in the exposed dolomite. The main 
fracture patterns here are from NE to SW and 
from NW to SE. 
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Plate 11. Erosion has exposed silty clay till deposits 
overlain by a thin veneer of silt, sand, and 
gravel. Point at the northeastern corner of 
the Wiarton sewage lagoon. 




Plate 12. Looking northwest; the erosion channel which 
originates at the Armstrong springs and which 
has been developed during high flow from 
spring la. 
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Augered using power auger (3 inch in diameter) 
on November 3, 1977. 
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APPENDIX C 



HYDROCHEMICAL MAPS AND 
THE PIPER DIAGRAM 




FIGURE 10. HYDROCHEMICAL MAP OF FREE AMMONIA (A) AND KJELDAHL (B) DISTRIBUTION IN GROUNDWATER , SURFACE 
WATER AND FEEDLOT RUNOFF. 




KEY 

SAMPLED SOURCE 

^<f Shallow bedrock aquifer 
(well , spring ) 

T Deep bedrock well 

A Stream water -surface runoff 

^ Sewage lagoon effluent 

■ Feedlot runoff 



DATE SAIMPLED 

a- January 12 , 1976 
b-November 1 or 9 . 1976 
c-November 29, 1976 
d-March 8 . 1977 
e- November 3. 1977 
f -November 23.1977 



SCALE 
100 Metres 



I 
in 

I 



300 



Feet 



FIGURE 11. HYDROCHEMICAL MAP OF ORGANIC NITROGEN (A) AND NITRATE (B) DISTRIBUTION IN 
GROUNDWATER , SURFACE WATER AND FEEDLOT RUNOFF. 
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FIGURE 12. HYDROCHEMICAL MAP OF SODIUM (A) AND CHLORIDE (B) DISTRIBUTION IN GROUNDWATER , SURFACE 
WATER AND FEEDLOT RUNOFF. 
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FIGURE 13. HYDROCHEMICAL MAP OF PHENOLS (A) AND POTASSIUM (B) DISTRIBUTION IN GROUNDWATER , SURFACE 
WATER AND FEEDLOT RUNOFF. 
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FIGURE 14. HYDROCHEMICAL MAP OF BORON (A) AND Na/K RATIO (B) DISTRIBUTION IN GROUNDWATER , SURFACE 

WATER AND FEEDLOT RUNOFF. 
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CATION 
TRIANGLE 
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PERCENTAGE EQUIVALENTS PER MILLION 

DATE SAMPLED: March 8,1977 
KEY 



SAMPLED SOURCE 

ff Shallow bedrock aquifar 
(well , spring ) 

T Deep bedrock aquiter 

A Stream water -surface runoff 

^ Sewage lagoon effluent 



Location of sampling points shown in Figure 1 



FIGURE 15. HYDROGEOCHEMISTRY OF GROUNDWATER , SURFACE WATER AND SEWAGE 

LAGOON EFFLUENT. 
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Location is shown in Figure 1 . ; N.D. — Not Detected i P - Present ;<- Refers to less than ; 1 mg/l=1 ppm= 1 lb/ 100,000 Imp. gal ; 1 ppb = 1>jg/l . 
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^Location is shown in Figure 1. ; N.D, - Not detected ; < - Refers to less than ; 1 mg/ 1 = 1 ppm = 1 lb / 100,000 Imp, gal ; Ippb = 1>jg/ I 
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Location is shown in Figure 1 .; N.D.- Not Detected ; P -Present; <- Refers to less than;1 mg/l = 1 ppm= 1 lb (100,000 Imp. gal ; l/ig/ 1 - 1 ppb. 
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^ Location is shown in Figure 1 . ; N.D. - Not detected ; < - Refers to less than ; 1 mg/ 1 = 1 ppm :; 1 lb / 10C,000 Imp. gal ; Ippb = 1>igM . 
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n.i 


1.35 


lU'+o 


Z5.^ 


10.1 


^T.(c 






























ppm 














































epm 














































% epm 










































1 
















ppm 










































1—1 


epm 
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■* Location is shown in Figure 1. ; N.D. - Not detected; < - Refers to less than; Img/I = 1 ppm=1lb/100,000lmp. gal ; 1ppb = 1>jg/l . 




Ministry of the 
Environment 

Ontario 

County: Grey, Bruce 



SUMMARY OF CHEMICAL ANALYSES OF FEEDLOT RUNOFF 

All analyses except pH reported in mg/l unless otherwise indicated 

, , ^ , w 31/03/77 

Township(s): Keppe I , Wiarton Date compiled: 09/O3/78 Compiler: C. Riediger 6 J. Owen 



Identification 
Number ' 


Owner or 
Source 


Location 


>- 
Date Sampled _< 


Biochemical Oxygen 
Demand ( BOD^) 


Chemical Oxygen 
Demand (COD ) 


c 


arbon 


Petroleum 
Hydrocarbons 


Tannins and 
Lignins 


Reactive 
Silicate as Si 


Total Dissolved 
Solids 


m 

3 

E 
3 

01 

t/) 

HI 


> 

v> 

3 

»1 

> 

(0 


00 

c' 
3 

01 

CD 
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EU 
Q. 

3 

E' 
3 

01 

w> 



a 




3- 


3 

c 
3 

0) 

(n 







■a 

T3 
(B 

01 

(/I 
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•< 

0) 

3^ 

q! 
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z 


l- 

□. 

01 

Cft 

■D 


0) 

3 

(Q 

cu 

3 
(C 
CO 
(D 

s 

3 


Z 

0' 

ST 
» 

01 

Vt 

Z 


N 

5' 
n 

0) 
CA 

N 

3 
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3 

01 

«i 
CD 


?i 

-go 
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01 

> 

is 
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a 
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5* 

3- 
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3 

n 
w 
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Location is Shown in Figure 1.; N.D.-Not Detected ; P - Present ;<- Refers to less than ; 1 mg/l =1 ppm= 1 lb/ 100,000 Imp. gal ;1ppb = 1^9/1, 
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APPENDIX H 



SUMMARY OF BACTERIOLOGICAL 
ANALYSES OF GROUNDWATER 




Ministry of the 
Environment 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER 

Number of bacterial colonies per 100 ml 



Southwestern Region 
Technical Support Section 
985AdelaideSt. South;London N6E 1V3 



Ontario 

County: GRE.^- BRUCE Townsh i p (s ): KEPPE L (<), Wl AR roi^i (vo^ Date Compi I ed: tAarcW 3i,i<i-i-'Compi I e r : C RlEO\foep 



Identification 
Numbe r ^ 


Owner 

or 
Sou rce 


Loca t i on 


Date 5 
Sampled "=i 


Feca 1 

Co 1 i f or m 

Bacte r i a 


Bac kg round 
Bact e r i a 


Co 1 i f o rm 
Bacte r i a 


Feca 1 

Streptococci 
Bacte r i a 




0) 

C 
Q 

3 
O 
(/) 
0) 


■D 
CO 
(D 

c 

Q. 

o 

3 
o 

3 
0) 
(/> 


Su 1 phate 
Reduc 1 n g 
B acte r i a 


Heterotrophic 
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H 

o 
i. 

3 
(» 

3- 

■D 


o 

1^ 


o 

o 

3 
O 
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(A 

O 

3 
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SewJQ^e lagoon 


K 


2- 
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o 
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■' 
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z2- 
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•■ 
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Uocolion IS shewn in Figure 1 ; < — Rplers to less than 




Ministry of the 
Environment 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER 

Number of bacterial colonies per 100 ml 



Southwestern Region 

Technical Support Section 

985 Adelaide St. South;London N6E 1V3 



Ontario 

County: Gi^E^- BRUCt Townsh i p ( s ) : VCEPPELCK), VJIARToM Cvo) Date Compi I ed: '^^arcV^ Sl.l'^iTCompi ler! c. Ri£ Dither? 



Identification 
Numbe r ^ 


Owner 

or 
Sou r ce 


Loca t i on 


0) 0) 
(t> 

a 


Feca 1 
Col i f r m 
Bacte r i a 


Bac kground 
Bacte r i a 


Co 1 i f rm 
Bacte r i a 


Feca 1 

Streptococci 
Bacte r i a 




Q) 
(D 

C 

3 

(A 
0) 


TJ 
(A 

0) 

C 

a 


3 


3 

0) 
V) 


Su 1 phate 
Reduc i n g 
Bacte r i a 


Heterotrophic 
Bacteria 






H 
O 

S 

3 
W 

3- 


f- 
o 


o 
o 

3 

n 
» 

5' 

3 
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\c 


2 


21 
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11 
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i\ 
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Z.T 


30 


8 
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11 


It 
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aZ 


^Z 
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Location is shown in Figure 1 ;< — Refers to less than 




Ministry of t 
Environment 



Ontario 
County: GPt"/ 



"' SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER "rrjp.'rL.^ 

Number of bacterial colonies per 100 ml 985 Adelaide St. SouthiLondon N6E 1V3 

BRvJCE Township(s): >=;£PP£l(k\ WIARToM (w) q^^^ Compi I ed: l^arc^^ 3\,iqn compi I e r : C.;?itDifo6'5 



Identification 
Numbe r ^ 


Owner 

or 
Sou r ce 


Loca t i on 


Q) 0) 

•D » 
ft 

a 


Fecal 

Co 1 i f or m 

Bacter i a 


Bac kground 
Bacte r i a 


Co 1 i f o rm 
Bacte r i a 


Fecal 

Streptococc i 
Bacte r i a 




0) 

ft 

c 
a 

3 
O 

w 

0) 


(A 
ft 

c 
a 
o 

3 
o 

3 
Q> 
W 


Su 1 phate 
Reduc in g 
Bacte r i a 
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o 

3 
3- 
■D 
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o 

1^ 


O 
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ft 
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5- 
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6. 
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^ 


5 


21 
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H- 
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lV 
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K 


H- 


21 
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O 


o 


o 
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11 


11 


" 


'■ 


'■ 


27/»/?t 


L^ 
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I 4- 
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i> 


1' 


■' 


■' 


" 


o^/"/nu 


30 


/, 900 


350 


;2o 
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Location IS shewn in Figure 1 ;< — Refers to less than 




Ministry of the 
Environment 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER 

Q . Number of bacterial colonies per 100 ml 

County: GRt^- BRUCE Townsh i p (s ) : KE PPEl(K~), W\ A^TON (w^; Date Compi I ed: March ii,il"nCompi I e r : C R^EDifaeR 



Southwestern Region 

Technical Support Section 

985 Adelaide St. South;London N6E 1V3 



Identification 
Numbe r ^ 


Owner 

or 
Sou r ce 


Loca t i on 


Date __:r 
Sampled ~ 


Feca 1 

Co 1 i f or m 

Bacteria 


Bac kg round 
Bact e r i a 


Co 1 i f o r m 
Bacte r i a 


Feca 1 

Streptococc i 
Bacte r 1 a 




01 

a 

c 
o 

3 
O 
to 


en 

(D 

c 

Q. 
O 

3 
o 

3 
QJ 
(/I 


Sulphate 
Reduc i n g 
Bacteria 


Heterotrophic 
Bacte r i a 






o 

3 
U> 

3- 

T3 


o 


n 

O 
3 
O 
(0 
en 

X 

5' 

3 




SS^'^ 


(M. Mmon") 
owr\«.r 


K 


M- 


1\ 


zi|iihu 


^2- 


Ll. 


/-X 


Lr^ 












11 


\\ 


11 


II 


•> 


o9|o3J^^ 


AX 


Li 
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O 
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1 


■' 


- 


h 


■' 


•• 
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L X 


L^ 


^4- 


lZ 
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M- 
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K 


M- 


2\ 
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II 


ki 
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■I 


08/t>3|-?7 
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Locotion IS shewn in Figure 1 ;< — Refers to less than 




Ministry of the 
Environment 



Ontario 

County: C^REIN- BRUCE. 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER "r::::;:!':!,.^ 

Number of bacterial colonies per 100 ml 985 Adelaide St. SouthjLondon N6E 1V3 

Town Shi p (s): KEPPElCK), WIARtonI (w) Da t e Compi I ed: ^Aa.'cW3^l'^^^ Compi I e r : c RiEdic^gr 



Identification 
Numbe r ^ 


Owner 

or 
Sou r ce 


Loca t i on 


</5 D 

CD 
Q. 


Fecal 

Co 1 i f r m 

Bacte r i a 


Background 
Bacte r i a 


Co 1 i f rm 
Bacte r i a 


Feca 1 

Streptococci 
Bacte r i a 




(D 

c 


3 


U) 
0) 


T3 
(0 
(D 

C 
Q. 


3 

3 
fi) 

CA 


Sulphate 
Reduc i n g 
Bacte r i a 


Heterotrophic 
Bacteria 






H 
O 

3 
U) 

3- 

■D 


o 


o 

o 

3 
O 
(D 
C/> 
W 

5' 

3 


































5 
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K 


5 


21 
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1 50,000 
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1 
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II 


■• 
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08/03/-77 


Z 
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fo 


X 
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1 


u 


\\ 


" 


" 


•' 
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A2 
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6 
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(A Thorrnpson") 


k 


fc 


21 


Zl^i/jlt 


5b 


/ 0, 
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II 


11 


" 
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b 


80 


10 
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1) 


II 


■• 


■■ 


'■ 


zi|w/n 


^2. 


Ll 


lZ. 


^Z 













Locolion IS shcw.r> m Figure 1 ;< — Refers to less than 




Ministry of the 
Environment 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER 

Q^jgj. Number of bacterial colonies per 100 ml 

County: GREi-BRUCL Township{s): K t PP£L (k^ , WiARTok) (vi) jj^ ^ ^ Compi I ed: Ma/ch 31,iqii Compi I e r : c Ri£DiG£i? 



Southwestern Region 
Technical Support Section 
985AdelaideSt.South;London N6E 1V3 



Identification 
Numbe r ' 


Owner 

or 
Sou rce 


Loca t i on 


BJ 0) 
Q. 


Feca 1 

Co 1 i f or m 

Bacte r i a 


Bac kground 
Bact e r i a 


Co 11 f r m 
Bacte r i a 


Feca 1 

Streptococci 
Bacte r i a 




0) 
(D 

c 
□ 

3 


(n 

0) 


-0 
U) 

n 

c 

Q. 



3 


3 

0) 

«) 


Sulphate 
Reduc i n g 
Bacte r i a 


Heterotrophic 
Bacteria 




H 
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VI 

3- 

"D 








3 
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<0 

0' 
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& 


w 
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Location is shewn in Figure 1 ;< — Refers to less than 




Ministry of the 
Environment 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER 

Number of bacterial colonies per 100 ml 



Southwestern Region 
Technical Support Section 
985AdelaideSt. South;London N6E 1V3 



Ontario 

County: GRES- BRUCE Townsh i p (s ) : KEPPEL CK\ WlARToMCw^ Date Compi I ed: lHa«-cU S^i'in Compi I e r : C RiaDi&sR 



Identification 
Numbe r ^ 


Owner 

or 
Sou rce 


Loca t i on 


Date -1 
Sampled -q 


Feca 1 

Co 1 i f or m 

Bacte r i a 


Bac kground 
Bacte r i a 


Co 1 i f o rm 
Bacte r i a 


Feca 1 

Streptococci 
Bacte r i a 




c 
Q 

3 

o 
(/) 

B) 


(0 
(D 

c 
a 
o 

3 
o 

3 
03 
CO 


Su 1 phate 
Reduc i n g 
Bacte r i a 


Heterotrophic 
Bact e r i a 




H 
O 

S 

3 
« 

3- 

■D 


r- 
o 
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o 

3 
O 

a 

VI 

o 

3 
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1 
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K 


2 


21 
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14- 
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5X 
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11 
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■• 
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Location is shewn m Figure 1 ;< — Refers to less than 




Ministry of the 
Environment 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER 

^ . Number of bacterial colonies oer 100 ml 

Ontario ^ 

County: G1?EW-BR^CL Town sh i p ( s ) : ^e PPt l (k^ , wiARxoM 6^) ^^ ^ ^ Compi I ed: horo^^ ^Si^^nCompi I e r : C. R )£DJ&£ r< 



Southwestern Region 

Technical Support Section 

985 Adelaide St. South;London N6E 1V3 



Identification 
Numbe r ^ 


Owner 

or 
Sou r ce 


Loca t i on 


CO O 

0) B) 

» 
Q. 


Feca 1 

Co 1 i f o r m 

Bacte r i a 


Bac kground 
Bact e r i a 


Co 1 i f o rm 
Bacte r i a 


Fecal 

Streptococci 
Bacte r i a 
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C 

o 
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O 
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(D 
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Locjiion IS shewn in Figure 1 ;< — Refers to less than 




Ministry of the 
Environment 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER 

Number of bacterial colonies per 100 ml 



Southwestern Region 

Technical Support Section 

985 Adelaide St. South-London N6E 1V3 



Ontario 

County: G^ES - BKucEl Townshi p ( s ) : KtPPEL (K^) , VOlARTOM (yjO) Da t e Compi I ed: fAarc^i Slji^T'Compi ler: C 'R^^V\GeR 



Identification 
Numbe r 


Owner 

or 
Sou r c e 


Loca t i on 


|« 

ID 
Q. 
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Co 1 i f r m 
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Bac kg round 
Bact e r i a 
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LocJiion IS shcvyn m Figure 1 ; < - Flelers to less than 




Ministry of the 
Environment 



Ontario 

County: GRE^- BKuce 



SUMMARY OF BACTERIOLOGICAL ANALYSES OF WATER ^°"''""'*'" ''^^'°" 

Technical Support Section 
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APPENDIX I 



SUMMARY OF BACTERIOLOGICAL ANALYSES 
OF STREAM WATER AND SURFACE RUNOFF 
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APPENDIX J 






SUMMARY OF BACTERIOLOGICAL ANALYSES 
OF SEWAGE LAGOON EFFLUENT 
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APPENDIX K 



SUMMARY OF BACTERIOLOGICAL 
ANALYSES OF FEEDLOT RUNOFF 
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